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This invention relates to a Co-base alloy sputter 
jjjtarget comprising an f.c.c. phase and an h.cp. phase 
and a value of an X-ray diffraction peak intensity 
gratio of l^oo/l hcpoou thereof is smaller than that of 
th* Ifcc<2oo) />hcp(ioi) of a Co-base alloy obtained when 
a base all y comprising an f.c.c. single-phase is 



cooled to a normal temperature from a high tem- 
perature at which it is in molten condition. 
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This invention Co-base alloy sputter target is 
manufactured by applying a cold-working treatment 
to a Co-base alloy produced by cooling a Co-base 
alloy material comprising an f.cc. single-phase from 
a high temperature. 
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CO-BASE ALLOY SUPATTER TARGET AND PROCESS OF MANUFACTURING THEREOF 



DETAILED EXPLANATION OF THE INVENTION : 

This invention relates to a Co-base alloy target 
adaptable for a magnetron sputtering. 

A conventional Co-base alloy sputter target 
hitherto used comprises partially an h.c.p. phase 
and the remainder an f.c.c. phase and an h.c.p. 
phase, and is manufactured by such a process that 
a Co-base alloy material comprising an f.c.c. single 
phase is heated to be melted, and is then poured 
into a mould and is cooled from a high tempera- 
ture, at which it comprises the f.c.c. single-phase, 
by such a manner that the resultant molded one is 
stood to be cooled or that after the molded one is 
subjected to a hot-working treatment the same is 
stood to be cooled, so that part of the f.c.c. single 
phase is transformed into a Martensite comprising 
an h.c.p. phase; and the Co-base alloy thus manu- 
factured has been used for a magnetron sputtering 
so far. 

The magnetron sputtering is carried out by 
such a manner that there is created a leakage 
magnetic field on and over the surface of the target 
so that plasma may be concentrated on the surface 
of the target In the case of using as a target such 
a magnetic substance as the conventional Co-base 
alloy manufactured as above, the magnetic flux is 
easy to pass through the interior of the target. It 
has been necessary, for forming the leakage field 
on the surface of the garget, that the thickness of 
the target is made thin while saturation magnetiz- 
ation thereof is being taken into consideration. 

The conventional Co-base alloy sputter target 
as mentioned above is thin in thickness and con- 
sequently there is involved such defects that a 
service life is comperatively short, and that accord- 
ing to the progress of erosion thereof the magnetic 
field in the erased recessed portion is increased, 
so that the plasma is concentrated onto the erased 
portion, and thus the target is locally consumed to 
result in a poor utilization factor. 

Accordingly, it is desirable to make it possible 
to use a Co-base alloy sputter target which is 
thicker than the conventional Co-base alloy sputter 
target. 

The inventors, in order to meet the above de- 
sire, have made various studies and researches 
about relations of the magnetic property of the Co- 
base alloy sputter target with the surface leakage 
magnetic field or the erosion shapes or others. As 
a result thereof, there has been obtained such 
unexp ct d findings that there is no fact of such a 
conventional thought that the generation of the sur- 
face leakage field depends on the target material, 



the fact is such that the same depends on a 
permeability thereof. And basing on the findings, it 
has been confirmed that even with a Co-base alloy 
which is large in saturation magnetization, the per- 
5 meability thereof can be smaller and thereby the 
surface leakage magnetic field can be strengthen. 
Also it has been found that, in the case of the Co- 
base alloy, the amount ratio of the f.cc. phase and 
the h.c.p. phase has mostly influence on the mag- 
w niture of the permeability. Namely, it has been 
found that the h.cp. phase of the Co-base alloy is 
very large in crystal magnetic anisotropy, whereas 
the f.cc. phase thereof is small in crystal magnetic 
anisotropy, and consequently if the amount of 

75 h.c.p. phase is increased, the permeability of the 
Co-base alloy is decreased, and the generation of 
the leakage magnetic field on the surface of the 
target becomes easier. Further, it has been found 
that if an addition amount of such an element as 

20 Ni, Cr, Pt W, V, Ti or the like to be added in the 
Co-base metal, is increased, the permeability of the 
Co-base alloy is decreased and accordingly the 
leakage magnetic field thereof becomes easier by 
that amount, in spite of that the saturation mag- 

25 netization is decreased. 

From the point of view of the amount ratio of 
the f.c.c. phase to the h.c.p. phase, if it is possible 
that the f.c.c. phase of the Co-base alloy sputter 
target manufactured by the conventional process is 

30 decreased, and the h.c.p. phase thereof is in- 
creased so that the value of the amount ratio to the 
f.c.c. phase to the h.cp. phase may become small, 
the permeability of the target could be decreased 
by that decreased value and, resulting in increase 

36 in generation of the leakage magnetic field on the 
surface of the target This means that there could 
be used a Co-base alloy which is thicker than the 
conventional Co-base alloy, resulting in prolonga- 
tion of the service life and improvement in the 

40 utilization efficiency. Also, accordingly, if the Co- 
base alloy with a smaller amount ratio of the f.cc. 
phase to the h.cp. phase is used in such a con- 
dition that the thickness thereof is equal to that of 
the conventional one, there would be brought about 

45 reduction in the size of a magnetic generation 
apparatus and saving of a consumption of an elec- 
tric power. 

By the way, it is difficult to obtain the amount 
ratio of the f.cc. phase to the h.cp. phase of the 
so Co-base alloy in terms of an amount ratio by vol- 
ume. Accordingly, it can be considered to obtain 
an X-ray diffraction peak intensity ratio which is 
proportional to the volumetric amount ratio. In this 
case, X-ray diffraction peaks in respect with the 
f.cc phase and X-ray diffraction peaks in respect 
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with the h.c.p. phase are overlapped with each 
oth r in faces thereof, but there is the fact that an 
X-ray diffraction peak in a (200) face in the f.c.c. 
phase and an X-ray diffraction peak in a (101) face 
in the h.cp. phase are not overlapped with each 
other. Therefore, an X-ray diffraction peak intensity 
ratio, that is, lfcc<2aoAcp(ioi)are measured by using 
this fact and thereby the mixing ratio of the two 
phases can be obtained as a relative value. 

The inventors have developed a process of 
manufacturing a Co-base alloy sputter target which 
is smaller, in the X-ray diffraction peak Intensity 
ratio of the f.c.c. phase to the h.c.p. phase, than the 
conventional Co-base alloy sputter target manufac- 
tured by the foregoing convention al process. 
Namely, a purpose of this invention is to provide a 
process of manufacturing a Co-base alloy sputter 
target in which, in the first place, a conventional 
Co-base alloy is manufactured by such a process 
that a Co-base alloy material comprising an f.c.c. 
single phase is heated to be melted and is then 
poured into a mould and is cooled from a high 
temperature at which it comprises the f.c.c. phase 
in such a cooling manner that the resultant molded 
one is stood to be cooled to a normal temeprature 
or that after the molded one is subjected to a hot- 
working treatment the same is stood to be cooled 
to a normal temperature, so that part of the f.c.c. 
single phase is transformed into a Martensrte com- 
prising an h.c.p. phase, and, in the second place, 
the resultant Co-base alloy comprising the h.cp. 
phase and the f.c.c. phase is subjected to a cold- 
working treatment and thereby a compression 
strain may be given thereto, and addtionally, part of 
the f.c.c. phase still remaining unchanged into an 
h.c.p. phase may be transformed into a Martenside 
comprising the h.c.p. phase. 

Thus, there is obtained this invention Co-base 
alloy sputter target in which a value of an X-ray 
diffraction peak intensity ratio, lfcc<2oo)/1hcp<ioi)is 
smaller than that of an X-ray diffraction peak inten- 
sity ratio of the foregoing convention Co-base alloy 
not yet subjected to the cold-working treatment. 
Thus, accordingly, this invention is to provide the 
Co-base alloy sputter target of which the 
premeability is decreased according to the smaller 
value of the X-ray diffraction peak intensity ratio, 
lfcc(2ooAcp<ioi) • Thus, the foregoing defects with the 
conventional Co-base alloy sputter target can be 
removed by the foregoing improved Co-base alloy 
sputter target of this invention, and there can be 
used this invention Co-base alloy sputter target 
which is thicker than the conventional one, and in 
the case of using such a thicker one the service life 
is longer and the utilization efficiency is improved 
as compared with the conventional one. Namely, 
the amount ratio of the f.c.c. phase to the hx.p. 
phase of this invention is smaller than the conven- 



tional one. and according to the smaller value the 
permeability thereof becomes lower, and accord- 
ingly generation of th surface leakage magnetic 
field can be obtained more easily, so tht the sputter 
s target can be made thicker, and accordingly the 
utilization efficiency can be increased by that 
amount 

As for the cold-working means, there can be 
used any desired one selected from the conven- 
70 tional ones such as rolling, drawing, swaging, forg- 
ing, general press working or the like. In this case, 
it is preferable that the Co-base alloy is cold- 
worked so that a compression ratio thereof may 
become about 5 % or more. 
is Next embodying examples of this invention 
will be explained together with comparison exam- 
ples and with relation to the drawings in which 

Fig. 1 is a graph showing the relations be- 
tween an X-ray diffraction peak intensity ratio, l (cc . 
20 {2ooAcp<ioi). of a Co-base alloy sputter target and a 
thickness thereof, 

Fig. 2 is a graph showing the relations be- 
tween the intensity ratio therof and a utilization 
efficiency thereof, and, 
25 Fig. 3 is a graph showing the relations be- 

tween the intensity ratio thereof and a cross-sec- 
tional area compression ratio thereof. 

As for Co-base alloy material, there can be 
used any desired one selected from all kinds of 
30 Co-base alloy materials having various, composi- 
tions prepared respectively by using a Co metal as 
a base material and mixing therein at least one 
kind of additive metaJs such as Ni, Cr. Pt, W, etc. 
According to the process the selected one having 
35 any desired composition and comprising an f.c.c. 
single-phase is heated to a high temperature to be 
melted, and the melted is poured into a predeter- 
mined mould to be cooled to a normal temperature. 
Or before cooling the melted one to a normal 
40 temperature, the solidified one which is still in a hot 
condition is subjected to a hot-working treatment to 
be pressed into a sheet of predetermined width, 
and the resultant sheet is cooled to a normal tem- 
perature. In any case, in the course of cooling 
45 thereof, part of the f.c.c. phase thereof is trans- 
formed into an h.c.p. phase, that is, a Martensite. 
The resultant Co-base alloy comprising the h.c.p. 
phase and the f.cc. phase is a conventional prod- 
uct In the following Table 1, there are shown the 
so conventional Co-sputter target products manufac- 
tured by the foregoing process, which are a sample 
No.1 comprising Co-20at.%Ni-10at%Cr, a sample 
No.5 comprising Co-16at%Cr, a sample No.7 com- 
prising Co-20at%Ni-l0at%Pt, and a sample No.9 
55 comprising Co-25at%Ni. The respective values of 
X-ray diffraction peak int nsity ratio, ItcctzooAcpooo. 
were 1.75, 1.90, 1.65 and 2.03. 
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According to this invention, the foregoing re- 
spective conventional Co-base alloys wer sub- 
jected to a cold-rolling treatment By the cold- 
working treatment, those samples were com- 
pressed so that the respective sectional area com- 5 
pression ratios thereof may become 5 % or more 
as shown in Table 1. As a result there were 
obtained the cold-worked Co-base alloy sputter tar- 
get products of this invention indicated as respec- 
tive samples No.2, 3 t 4, 6 ( 8 and 10 shown in Table to 
1. When the respective samples are compared with 
the foregoing conventional samples in respective of 
the X-ray diffraction peak intensity ratio, ltcc(2oo> Ahcp. 
ooi). it can be understood therefrom that the inten- 
sity ratio value 1.75 with (the conventional product ts 
sample No. 1) was lowered to 1.21 with the inten- 
sity ratio of the cold-worked this invention product 
(Sample No.2) under the condition of the 5 % 
sectional area compression ratio, and, further, re- 
cording to increasing the sectional area compres- 20 
sion ratio to 10 %, 15 %, the intensity ratio was 
lowered to 0.39, 0.30, respectively, (Sample No.3 
and Sample No. 4), and also in respect of the 
respective intensity ratios of the samples No.5. 
No.7 and No.9. the respective values thereof were 25 
lowered by being subjected to the cold-working 
treatment Namely, the value, 1.90 (Sample No.5) 
was lowered to 0.45 (Sample N0.6). 1 .65 (Sample 
No.7) to 0.35 (Sample N0.8) and 2.03 (Sample 
No.9) to 0.42 (Sample No.10). Thus, it has been 30 
confirmed that the X-ray diffraction peak ratio of 
the (200) tcc /the (10l)hcpOf the convention Co-base 
alloy product is lowered by applying the cold- 
working to the product, and also according as the 
compression ratio of this invention product by the 35 
cold-working is increased the value of the intensity 
ratio is lowered. 

Measuring of the intensity ratio and that of the 
permeability of each of the foregoing samples were 
carried out on such slices of those samples that aq 
had been treated with aqua regia 

The measured results of the permeabilities of 
those samples were also as shown in Table 1. It 
has been confirmed therefrom that the permeabilit- 
ies of the conventional product samples can be 45 
also lowered remarkably by the cold-working treat- 
ment. 

Next, respective target properties of the re- 
spective samples were examined by using a D.C. 
magnetron cathode of dimensions of 5 inches X 8 so 
inches to show the results thereof shown in Table 
1, Here, the term" relative target thickness" repre- 
sents a target thickness when there is generated 
on the surface thereof a leakage magnetic field of 
250 G under such a conditiion that each sample of 55 
target is placed on th cathode in which there 
xists a parallel magnetic field of 600 G at the 
center between the magnetic poles. 



As clear from the values of the relative thic- 
knesses of the respective samples as shown in 
Table 1, the respective Co-base alloy target sam- 
ples which were cold-worked according to this in- 
vention can be made remarkably thicker than the 
corresponding respective conventional Co-base al- 
loy target samples which were not cold-worked, 
that is, before subjected to the cold-working. Fur- 
ther, for the respective target samples, respective 
target utilization efficiencies thereof were examined 
in such a manner that each of the target samples 5 
mm thick each was set in position as a target and a 
cathode was adjusted so that a surface leakage 
magnetic field may become 250 G, and under the 
condition, a sputtering process was then carried 
out and during the sputtering operation the plasma 
used is concentrated on the cavity of the erosed 
area of the target and thus the target was locally 
erosed and at last when the thickness of the maxi- 
mum erosed part thereof becomes zero "0", the 
sputtering process is stopped, and the utilized 
amount of the target was measured. The results 
thereof were as shown in Table 1. It can be appre- 
ciated therefrom that the utilization efficiencies of 
the cold-worked targets of this invention were re- 
markably improved as compared with the targets 
not treated with the cold-work treatments. 
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Fig. 1 and Fig. 2 show the relation of the X-ray 
diffraction peak intensity ratio lfcc<2ooAcp<ioi) with 
the relative target thickness and the relation thereof 
with the target utilization efficiency, respectively, in 
the case of taking the target comprising Co- 
20at.%NM0at%Cr for a typical example, and it 
can appreciated therefrom that the target thickness 
and the target utilization efficiency, respectively 
become larger according as the intensity ratio be- 
come smaller. 

Fig. 3 shows the relation of the X-ray diffraction 
peak intensity ratio, lfct^o/Ihcp<ioi)and. the target 
sectional-area compression ratio in the case of 
taking the target comprising Co-20at.%NM0at.%Cr 
for a typical example, and it can be appreciated 
therefrom that the intensity ratio becomes lower 
accordingly as the compression ratio becomes 
larger. 

Further, the foregoing embodying examples 
have been explained about the case of using the D. 
C. magnetron sputtering, but this invention can be 
adapted to any desired sputtering process of the 
type controlling the plasma by using a magnetic 
field of an R. F. magnetron, an coaxial magnetron, 
triode magnetron or the like. 

According to this invention, in the first place, 
Co-base alloy material comprises a f.cc. single- 
phase is melted by heating and is then cooled from 
a high temperature to a normal temperature so that 
part thereof may be transformed into a h.c.p. 
phase, that is, so that a Martensite transformation 
may take place, and thereafter the resultant one is 
cold-worked so as to be given a compression 
strain, so that a value of X-ray diffraction peak 
intensity ratio of Ita^zoo/ Ihcpoou thereof is lowered, 
and thus the resultant cold-worked Co-base alloy of 
this invention is obtained. If the product is used for 
a sputter target, a surface leakage, magnetic field 
thereof can be g'eneratied easily even by using the 
same of which the thickness is thicker than that of 
the conventional Co-base alloy not yet cold- 
worked, and also a utilization efficiency thereof can 
be increased, and in the case where the thickness 
thereof is equal to that of the one not yet cold- 
worked, a magnetic generation apparatus can be 
small-sized and also a consumption amount of 
electric power can be decreased as desired, as an 
occasion demands. 



don. thereof is smaller than that of the X-ray diffrac- 
tion peak ratio hcc<20oAcp<ioi) f a Co-base alloy 
obtained when a Co-base alloy material comprising 
an f.c.c. single phase at a high temperature is 

5 cooled to a normal temperature. 

2. A process of manufacturing a Co-base alloy 
sputter target characterized in that a Co-base alloy 
comprising an f.c.c. single phase at a high tem- 
perature is cooled from a high temperature, so that 

io there takes places a Martensite transformation, and 
the resultant Co-base alloy comprising largely the 
f.c.c. phase and partially an h.c.p. phase is cold- 
worked. 
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Claims 



1. A Co-base alloy sputter target comprising an 
f.cc. phase and an h.c.p. phase, characterized in 55 
that a value of an intensity ratio of an f.c.c. (200) 
peak to an h.c.p. (101) peak of an X-ray diffraction, 
that is, an X-ray diffraction peak ratio liccpoo) Ihcp- 
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